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57) ABSTRACT

A leak current suppressing printed circuit board in
which the input circuit is so designed that between the
input terminals a light sensing photoelectric converting
element operating in the current mode i1s connected.
The input is guarded by means of the circuit net, whose
potential is same as that at the input terminal of the
inverting input circuit or the non-inverting input circuit
of the high input impedance operation amplifier.

5 Claims, 8 Drawing Figures
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A LEAK CURRENT SUPPRESSING PRINTED
CIRCUIT BOARD

BACKGROUND OF THE INVENTION

Generally, in the case of the light measuring circuit of
a camera or the like, the input and the output circuit of
the ‘associated operation ampllfier are composed as
printed circuits, by providing or wiring the circuit ele-
ments on the insulated base plate. In the case of such a
light measuring circuit, a photovoltaic converting ele-
ment such as a silicon photo cell is connected, as a light
‘sensing photoelectric converting element, between the
inverting and the non-inverting input terminal of the
high input impedance operation amplifier. Further, a
circuit arrangement having a diode connected to it is
used as the impedance element for Log. compression.

When in such circuit, the light amount incident on the
light sensing element is very low, the photoelectric
current produced in the photovoltaic element is very
small. Accordingly, the light measurement error due to
the influence of the leak current in the input circuit
becomes large and therefore it is difficult to enlarge the
practical light measurement range.

SUMMARY OF THE INVENTION

A purpose of the present invention is to provide a
leak current suppressing printed circuit board for pre-
venting the deterioration of the characteristics due to
the leak current in the input circuit of the high input
impedance operation amplifier. -

Another purpose of the present invention is to pro-
vide a leak current suppressing printed circuit board for
suppressing the leak current in the printed circuit board
composing the input circuit so as to enlarge the opera-
tion range of the light measuring circuit on the low
brightness end.

The above mentioned and other purposes as well as
the novel merits of the present invention will be dis-
closed and the following detailed explanations are made
in accordance with the accompanying drawings.

The accompanying drawings are mainly intended as
an exemplary explanation of the present invention and
therefore the present invention is not limited thereto.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a circuit diagram of a conventional
hight measuring circuit.

FIG. 2 shows a diagram for showmg the deteriora-
tion of the characteristics of the light measuring circuit
due to the leak current. -

FIG. 3 shows an embodiment of the leak current
suppressing circuit in accordance with the present ) in-
vention.

FIGS. 4 to 8 show respectively further embodlments
_ in accordance with the present invention:
whereby the members or elements with same figures or
numbers are same or smﬂar members in the above
drawmgs

DETAILED DESCRIPTION OF PREFERRED
-~ EMBODIMENTS

In FIGS. 1 to 8; 100 is a high input impedance opera-
tion amplifier, 101 is a photoelectric converting element
such as a silicon photocell. 102 is a diode with log.
compression characteristics, 103 is a resistance for ad-
justing the off-set voltage of the operation amplifier. 104
1s an exposure value display instrument such as a meter.

2

105 is a resistance for adjusting an exposure value dlS-
play instrument such as a meter. 106 is the constant
voltage source for setting the level of the light measur-
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operation amplifier 100. Thus, the constant voltage

source 106 1s temperature compensated with the nega-

tive temperature coefficient versus the change of the
ambient temperature. 107 is a resistance for adjusting
the constant voltage source for setting the level of the
light measuring circuit. 108 is the current source. 109 is
the current source switch. 110 and 111 are respectively

the equivalent resistances for the leak current. 112 and

112’ are respectively the guard lines for guarding the
inverted or the non-inverted input terminal of the oper-
ation amplifier 100. 113 shows a printed circuit plate
composing the light measuring circuit. 114 shows a time
integrating condenser. 115 shows a count switch. 116
shows a Schmitt trigger circuit for level detecting 117
shows a shutter controlling magnet, and 118 shows a
pentagonal prism in camera and the like.

In FIG. 2, the abscissa shows an APEX value (Bv) of
the brightness of the object to be photographed, while
the ordinate shows an output voltage (Eo) of the light
measuring circuit. |

The curve Q in the drawing is that for the ideal
characteristics without the leak current, while the curve
Q, shows that for the characteristics in the presence of
a leak current from the inverting input (—) of the opera-
tion amplifier 100 to the circuit (such as an earth circuit)
whose potential is lower than that of the non-inverting
input (4 ). The curve Q,;shows that for the characteris-
tics in presence of a leak current from the inverting
input (—) of the operation amplifier 100 to the circuit
(such as a positive terminal circuit of the current
source) whose potential is higher than that of the non-
Inverting mput (+).

In FIG. 1, in the light measurlng circuit of a camera,
a communication device, a measuring instrument, a
photovoltaic element 101 such as silicon photocell is
connected between the inverting input (—) terminal and
the non-inverting-input (+4) terminal of the high input
impedance operation amplifier 100 as the light sensing
photoelectric converting element.

In the feedback circuit of the high input impedance
operation amplifier 100, the diode 102 or the like is
inserted as an impedance element for log. compression.
The output signal of the operation amplifier 100 is ap-
plied to the exposure value display device 104 such as
meter through the adjusting resistance 105.

In the case of the printed circuit board for such a light
measuring circuit, when the light amount incident on
the photoelectric converting element 101 is small small,
the photoelectrzc current produced in the photovoltaic
element 101 is very small. Further a leak current takes
place between the input circuit of the Operatlon ampll-
fier 100 and the earth or the current source wiring so
that the light measurement error due to this influence
becomes large. When there takes place a leak current

from the non-inverting input circuit of the operation

amplifter 100 to the earth circuit, i.e., if the resistance

110 1n FIG. 1 assumes a limited value, the photoelectric

current (/) produced in the photoelectric converting
element 101 in accordance with the brightness of the
object to be photographed flows dividedly to the log.
compression element 102 and to the leak resistance 110.

In consequence, the current flowing to the log. com-
pression element 102 is represented by (/P — /L),
whereby /P is the photoelectric current while /L is the
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leak current. Thus the output voltage (Eo) of the opera-
tion amplifier 100 increases in the range in which the
APEX value (Bv) of the brightness of the object to be
photographed is low, as is shown by the curve Q; in
FIG. 2.

When, on the other hand, there takes place a leak

current from the non-inverting input circuit to the posi-
tive terminal circuit of the current source, the resistance
111 in FIG. 1 assumes a limited value, whereby the sum
of the photoelectric current (iP) and the leak current
(/L) flowing through the leak resistance 111, namely
(/P + L") flows to the log. compression element 102. In
consequence the output voltage (Eo) of the operation
amplifier 100 decreases in the range in which the APEX
value (Bv) of the brightness of the object to be photo-
graphed is low as is shown by the curve Q;in FIG. 2.

FIG. 3 shows the leak current suppressing printed
circuit board in accordance with the present invention,
whereby the guard lines shown by 112 and 112’ are
provided.

In accordance with the present invention, along the
wiring of the signal input circuit for the one input termi-
nal of the operation amplifier 100, the guard lines whose
potential is substantially equal to the other input termi-
nal are provided in the neighborhood of the above men-
tioned signal input circuit.

By means of operating the off-set voltage adjusting
resistance 103 of the operation amplifier 100, so as to off
set the circuit at zero, the potential difference between
the inverting input terminal (—) and the non-inverting
input terminal (4) of the operation amplifier 100 1s
brought to zero, whereby by guarding the non-invert-
ing input circuit with the inverting input potential for
level setting, the leak current can be suppressed.

FIG. 4 shows a plane view of an embodiment in
which the leak current suppressing printed circuit board
in accordance with the present invention is actually
applied as the printed circuit board.

In the drawing, the parts shown in thick lines are the
printed circuit provided on the circuit board 113.

In the case of the light measuring circuit, as is shown
in FIG. 3, in which the photovoltaic photoelectric con-
verting element 101 is used in the current mode, along
the wiring of the signal input circuit for the one input
terminal of the operation amplifier 100, the guard lines
112 and 112’ whose potential is substantially equal to
that of the other input terminal are provided in the
neighborhood of the signal input circuit in such a man-
ner that the leak current can be completely suppressed
so that the light measuring accuracy especially in the
range of the low brightness can be remarkably im-
proved.

IFIGS. 5 and 6 show another embodiment of the leak
current suppressing printed circuit board in accordance
with the present invention.

In the case of the embodiment shown in FIG. §, in the
light measuring operation amplifier circuit composed of
a printed circuit nets on a printed circuit board together
with the current supply circuit and the bias circuit con-
nected to the one input terminal of the operation ampli-
fier 100, whereby a photovoltaic photoelectric convert-
ing element such as silicon photocell 1s connected, as a
light sensing photoelectric converting element which
operates at the current mode, between both input termi-
nals of the high input impedance operation amphﬁer 100
which includes a diode 102 as impedance element in the
feedback circuit, along the wiring of the signal mnput
circuit of the one input terminal of the operation ampli-
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fier 100 the guard lines 112 and 112’ are provided in the
neighborhood of the signal input circuit.

By operating the off-set voltage adjusting resistance
103 of the operation amplifier 100, so as to off-set the
circuit at zero, the potential difference between the
inverting input terminal (—) and the non-inverting
input terminal (4) of the operation amplifier 100 is
brought to zero, whereby by guarding the inverting
input circuit by the non-inverting input potential for
level setting the leak current is suppressed. Namely,
even if in the neighborhood of the guard lines 112 and
112’ the positive terminal circuit of the current source
or the earth circuit or the like is provided, there takes
place no leak current from the inverting input circuit of
the operation amplifier 100 to those circuits because the
guard lines are on the same potential as the inverting -
input terminal.

FIG. 6 shows the leak current suppressmg printed
circuit board for the circuit dlagram shown in FIG. &.

FIG. 7 shows a circuit diagram in which the present
invention is applied to the electronic shutter circuit of
the external light measuring system.

Nearly at the same time, when in FIG. 7 the shutter
of the camera not shown in the drawing is opened the
count switch 115 is opened in such a manner that the
time integrating condenser 114 is charged with the pho-
toelectric current produced by the photoelectnc con-
verting element 101.

When the output of the operatlon amplifier 100 has
reached a certain determined level, the Schmitt trigger
circuit 116 is inverted whereby the shutter control mag-
net 117 is switched off so as to terminate the exposure.
In the printed circuit board of this circuit, along the
wiring of the signal input circuit of the one input termi-
nal of the operation amplifier 100 the guard lines 112
and 112" whose potential is substantially equal to that of
the other input terminal are provided in the neighbor-
hood of the wiring of the signal input circuit so as to
suppress the leak current.

Hereby it goes without saylng that in the case of the
printed circuit boards shown in FIGS. 3-7 in accor-
dance to which the present invention has so far been
explained the guard for the inverting input circuit or the
non-inverting input circuit of the operation amplifier
100 used not to be the guard lines fixed on the printed
circuit board, whereby the three dimensional guard
lines provided on the printed circuit boards also meet
the purpose of the present invention.

FIG. 8 shows a further embodiment of the leak cur-
rent suppressing printed circuit boards in accordance
with the present invention. In FIG. 8, the leak current
suppressing printed circuit board on which the guard
lines 112 and 112’ are composed in a three dimensional
way is provided on the upper surface of the pentagonal
prism 118. Hereby the dotted line shows the input cir-
cuit wiring of the high input impedance operation am-
plifier 100, being guarded by the coaxial lines 112 and
112’ on the same potentlal

What is claimed is: |

1. A leak current suppressing light measuring circuit
for a camera comprising:

(a) a printed circuit board;

(b) a high impedance operational amphﬁcr havmg
inverting and non-inverting terminals, off-set volt-
age adjusting means and an output terminal;

(c) a first signal transfer path printed on said printed
circuit board for supplying an electrical signal to
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one of the input terminals of said operational ampli-
fier; |

(d) a second signal transfer path printed on said
printed circuit board and connected to the other
input terminal of said operational amplifier to form
a portion of a feedback circuit for the operational
amplifier; | |

(e) a photoelectric converting element connected
between said input terminals of the operational
amplifier;

(f) a logarithmic suppression element connected be-
tween one end of said second signal transfer path
and the output terminal of said operational ampli-
fier; and |

(g) guard lines which are arranged on both sides of
the second signal transfer path between the point at
which the logarithmic suppression element is con-
nected to the second signal transfer path and a
point at which the input terminal of the operational
amplifier 1s connected to the second signal transfer
path, one end of each guard line being connected to
said first signal transfer path to make these guard
lines have virtually the same potential as the first
signal transfer path.

2. A hght measuring circuit according to claim 1,
wherein a signal terminal of said photoelectric convert-
Ing element is connected to said first and second signal
transfer paths.

3. A leak current suppressing light measuring circuit
for a camera comprising: |

(a) a calculating portion provided with a high impe-
dance operational amplifier having inverting and
non-inverting input terminals, off-set voltage ad-
justing means and an output terminal, one of said
Input terminals being electrically connected to one
end of a first signal transfer path printed on a
printed circuit board, and the other end of the first
signal transfer path being arranged to receive a
power supply signal from a power supply circuit;
the other input terminal being electrically con-
nected to one end of a second signal transfer path
to form a portion of a feedback circuit of the opera-
tional amplifier printed on said printed circuit
board, and the other end of the feedback circuit
being connected to the output terminal of the oper-
ational amplifier through a logarithmic suppression
element;

(b) a light receiving part provided with a photoelec-
tric converting element disposed in a position to
receive a light coming from an object to be photo-
graphed, a signal terminal of said light receiving
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part being electrically connected between said first
and second signal transfer paths; and

(c) a leak current suppressing part provided with
guard lines printed on said printed circuit board
and disposed on both sides of said second signal
transfer path in parallel therewith, the guard lines
being connected to said first signal transfer path.

4. A leak current suppressing light measuring circuit

according to claim 3, wherein said photoelectric con-
verting element is disposed on a printed circuit board
which is extended from the printed circuit board of said
calculating part and is arranged in a light receiving
posttion of the camera to receive the light of the object
to be photographed; one end of the signal terminal of
the photoelectric converting element being connected
to said second signal transfer path printed on the ex-
tended printed circuit board; and the other end of the
signal terminal being connected to said guide lines
printed on the extended printed circuit board.

5. A leak current suppressing light measuring circuit

for a camera comprising:

(a) a printed circuit board provided with printed
circuit wiring which is electrically connected to an
electrical circuit element and is disposed on a non-
functional face of a pentagonal prism:

(b) a high impedance operational amplifier which is
disposed on said printed circuit board and is pro-
vided with inverting and non-inverting input termi-

“nals, off-set voltage adjusting means and an output
terminal; | |

(c) a first signal transfer path which is printed on said
printed circuit board and is electrically connected
to one of the input terminals of said operational
amplifier to permit power supply thereto:

(d) a feedback circuit of said operational amplifier
provided with a logarithmic suppression element
disposed between the other input terminal and the
output terminal of the operational amplifier;

(¢) a photoelectric converting element which is elec-
trically connected between the inverting and non-
Inverting input terminals of said operational ampli-
fier and which is disposed in a light receiving posi-
tion on the pentagonal prism for receiving a light
coming from an object to be photographed; and

(f) guard lines provided to three-dimensionally cover
a signal path between a connecting point of the
input terminal of said operational amplifier and a
connecting point of said logarithmic suppression
element in said feedback circuit, said guard lines
being electrically connected to said first signal
transfer path to have tu¢ ~anc potential as said first

signal transfer path for sup,.ressing a leak current.
x % X Xk %
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